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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates generally to lithography systems. More 

particularly, the present invention relates to sensors used for focusing in 
lithography systems. 

Background Art 

[0002] Lithography is a process used to create features on the surface of 

substrates. Such substrates can include those used in the manufacture of flat 
panel displays, circuit boards, various integrated circuits, and the like. A 
frequently used substrate for such applications is a semiconductor wafer. While 
this description is written in terms of a semiconductor wafer for illustrative 
purposes, one skilled in the art would recognize that this description also applies 
to other types of substrates known to those skilled in the art. 

[0003] During lithography, a reticle is used to transfer a desired pattern onto a 

substrate, such as a wafer. Reticles may be formed of material(s) transparent to 
the lithographic wavelength used, for example glass in the case of visible light. 
In addition, reticles can also be formed of material(s) that reflect the lithographic 
wavelength chosen for the specific system in which it is used. An illumination 
source (e.g., exposure optics located within a lithographic apparatus) illuminates 
the reticle, which is disposed on a reticle stage. This illumination exposes an 
image onto the substrate that is disposed on a substrate stage. The image exposed 
onto the substrate corresponds to the image printed on the reticle. While 
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exposure optics are used in the case of photolithography, a different type of 
exposure apparatus may be used depending on the particular application. For 
example, x-ray, ion, electron, or photon lithographies each may require a different 
exposure apparatus, as is known to those skilled in the art. The particular 
example of photolithography is discussed here for illustrative purposes only. 

[0004] The proj ected image produces changes in the characteristics of a layer, for 

example photoresist, deposited on the surface of the substrate. These changes 
correspond to the features projected onto the substrate during exposure. 
Subsequent to exposure, the layer can be etched to produce a patterned layer. The 
pattern corresponds to those features projected onto the substrate during 
exposure. This patterned layer is then used to remove or further process exposed 
portions of underlying structural layers within the substrate, such as conductive, 
semiconductive, or insulative layers. This process is then repeated, together with 
other steps, until the desired features have been formed on the surface, or in 
various layers, of the substrate. 

[0005] Step and scan technology works in conjunction with a projection optics 

system that has a narrow imaging slot. Rather than expose the entire substrate at 
one time, individual fields are scanned onto the substrate one at a time. This is 
done by moving the substrate and reticle simultaneously, albeit at different rates, 
such that the imaging slot is moved across the field during the scan. The 
substrate stage must then be asynchronously stepped between field exposures to 
allow multiple copies of the reticle pattern to be exposed over the substrate 
surface. In this manner, the quality of the image projected onto the wafer is 
maximized. While using a step-and-scan technique generally assists in improving 
overall image quality, image degragations generally occur in such systems due 
to imperfections, such as those within the projection optics system, illumination 
system, and the particular reticle being used. 

[0006] An important aspect in lithography is maintaining uniformity in the size 

of the features created on the surface of substrates. Current requirements for 
variations in feature size (also known as critical dimension) are that they be less 



1857.0350000 



-3- 



than approximately ± 5% of nominal. This implies, for example, ± 5 nm or less 
variations in critical dimension for lOOnm isolated lines, ±3.5 nm or less 
variations for 70 nm isolated lines, and ±1 .5 nm for 30 nm isolated lines. Critical 
to achieving these levels of performance is the focus system. 
[0007] Some current state of the art focus systems use capacitance gauge sensors. 

Focus sensor capacitance gauge metrology is based on the change in capacity of 
a plane parallel plate capacitor when the plate separation is changed. The 
capacity of a plane parallel plate capacitor with a small plate separation with 
respect to the plate diameter that is filled with uniform dielectric layers over a 
conductive substrate is inversely proportional to the plate separation. Such 
current state of the art focus systems can meet current lithography needs. 
However, the reduction of both random and systematic errors is required for next 
generation lithography use. Current random errors are of the order of 2 nm-rms 
(root mean squared) over the servo bandwidth. Current mean shifts, not related 
to wafer processing, are of the order of 25 nm. Current systematic errors can 
exceed lOOnm. Current wafer process errors can range from being negligible to 
over 100 nm. 

[0008] Current understanding of these errors attributes the random errors to the 

capacitance gauge electronics. Mean shifts are attributed to systematic changes 
in the thickness or properties of layers underlying the resist. The wafer process 
errors are attributed to the waver circuit layers and patterns. For a given 
integrated circuit, the wafer process errors are a systematic offset that is 
nominally the same for each field. Capacitance focus sensor readings are a 
function of the dielectric layers overlaying the conductors and the special 
distribution of the patterns. For example, a capacitance sensor will indicate a 
distance change when the wafer target changes from a large area dielectric film 
to a conductive film both on the same surface and of the same thickness. In 
addition, a capacitance gauge will give readings that are a function of conductor 
feature size for the same average conductor fill factor. 
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[0009] Accordingly, there is a need for improving focus systems so that they 

meet the requirements for next generation lithography use. More specifically, 
there is a need for improved focus systems that can be used to maintain 
uniformity in size of features created on the surface of substrates. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention is directed to a method and system for improving 

focus accuracy in a lithography system including a lens for exposing an image 
onto a top surface of a substrate. 

[001 1] According to an embodiment of the present invention, prior to positioning 

a specific region on the top surface of the substrate under the lens, a proper focus 
distance for the specific region is determined using a calibration sensor. The 
calibration sensor, which has an extremely high focus accuracy, is part of a 
calibration subsystem located remotely from, or off-axis with respect to, the 
exposing of an image. A first measurement relating to the specific region at the 
proper focus distance is then produced. The first measurement is produced using 
a secondary control sensor, which has a lower focus accuracy than the calibration 
sensor. 

[0012] When it is time to actually expose the image onto the substrate, the 

specific region is positioned under the lens, which is part of a primary sensor 
system (also referred to as a control subsystem). While the specific region is 
positioned under the lens, a second measurement relating to the specific region 
is produce using a primary control sensor. The primary control sensor also has 
a lower focus accuracy than the calibration sensor. Preferably, the primary 
control sensor is substantially the same as the secondary control sensor. An 
actual focus distance is then adjusted based on the first and second measurements. 
Now that the focus distance has been accurately adjusted, a portion of an image 
is then exposed on the specific region. 
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[0013] Additional features and advantages of the present invention, as well as the 

structure and operation of various embodiments of the present invention, are 
described in detail below with reference to the accompanying drawings. 



BRIEF DESCRIPTION OF THE FIGURES 



[0014] The features, obj ects, and advantages of the present invention will become 

more apparent from the detailed description set fourth below when taken in 
conjunction with the drawings in which like reference characters identify 
corresponding elements throughout and wherein: 

FIG. 1 is a functional block diagram of an exemplary focus system; 

FIG. 2 is a functional block diagram of an exemplary focus sensor 
calibration subsystem, according to an embodiment of the present invention; 

FIGS. 3 A and 3B show a flowchart of a method for improving focus 
accuracy in a lithography system, according to an embodiment of the present 
invention; and 

FIG. 4 shows an exemplary table that store measurements that are used 
to adjust focus distance, according to an embodiment of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 



[0015] Lithography tools typically include a focus system that maintains the 

silicon wafer photoresist surface in the desired image plane (also called the focal 
plane) of the projection system. Such a focus system is typically a servo system 
that is made of components that can be categorized as: 1) elements that sense the 
position of a substrate surface; and 2) elements that perform actuation. The 
present invention relates to elements of a focus system that sense the position of 
a substrate surface. 

[00 1 6] Important performance requirements for the focus system relate to : focus 

accuracy and precision; bandwidth and start of scan time; dynamic and working 
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range; thermal dissipation; linear range; and insensitivity to resist effects. Each 
of these performance requirements are described below. In these descriptions, it 
is assumed that the substrate is a wafer. 
[0017] The present invention can be used to achieve the performance 

requirements necessary for next generation lithography use. However, the 
present invention does not require that each of the following performance 
requirements be satisfied. That is, the breadth and scope of the present invention 
should not be limited by the following discussion of performance requirements, 
but rather should be defined in accordance with the claims and their equivalents. 

1 . Description of Performance Requirements 

A. Focus Accuracy and Precision 

[0018] A focus system should accurately and precisely locate the top photoresist 

of a substrate, regardless of whether the substrate is located in air, gas, or a 
vacuum. Focus accuracy refers to the capability of the focus system to determine 
wafer plane focus with respect to the image focus plane. Precision refers to the 
ability to repeat a given focus measurement (i.e., repeatability of measurements). 

[0019] Accuracy and precision of the focus system must be consistent with the 

critical dimension uniformity requirements for the lithography apparatus. Focus 
variation can result from various errors that can be classified into mean shift, 
systematic and random error sources. The further the distance from best focus the 
larger the variation in the critical dimension. Critical dimension uniformity of 
projection optics is a function of the projection optics and resist characteristics 
for a given feature type. A projection optic manufactured to design with no 
aberrations would be close to zero at best focus. By plotting critical dimension 
against range of focus, and examining the factors that contribute to mean shift, 
systematic and random errors, relationships between critical dimension and focus 
errors can be established. Focus error contributors include: the reticle stage, 
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autocal errors, projection optics errors, focus control errors, wafer thickness 
errors, and measurement and tool setup. The reticle stage may cause focus errors 
due to reticle plane flatness errors, contamination between the reticle and the 
reticle plane, retical stage position measurement errors, and thermally induced 
reticle position drift. Autocal errors include tool drift and autocal drift. 
Projection optic errors relate to astigmatism and field curvature. Focus control 
errors, which account for approximately 30% of the focus errors, relate to wafer 
chucking, backplane flatness, focus precision, focus offset and focus stability. 

B. Bandwidth 

Bandwidth is composed of two parts. One is the ability to respond to 
topography changes during a scan. The required bandwidth is proportional to the 
scan velocity of the illumination slot dimension in the scan direction. Typically 
this translates to 50Hz. The other is the ability to settle out (start of scan time) 
when scanning onto a wafer edge, a situation that occurs multiple times during 
a typical wafer scan. During this transition, the focus system will normally be 
guided to a focus position just prior to passing onto the wafer, thus reducing the 
amount of focus adjustment required once the focus sensor(s) pass over the wafer 
surface. How quickly the focus system settles into the actual focus environment 
determines how much of the edge field scan will be "out of focus". Depending 
on scan speed, if it is desirable to keep the effected field distance below a 
millimeter, the bandwidth must be. greater than 200Hz. 

C. Dynamic and Working Range 

Focus system dynamic range is driven by wafer surface thickness 
variations and unit to unit deviation in lens-to-wafer position (± lOOjam focus 
range), while the working range is on the order of ± 20 (am. 
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D. Linear Range 

[0022] Focus system linearity should not deviate by more than ± 5nm from a 

straight line or should be correctable to this level. 

E. Thermal Dissipation 

[0023] Thermal dissipation (also known as power dissipation) by the focus 

system, in the vicinity of the projection optics, should be kept much less than 0. 1 
watts. 

F. Insensitivity to Wafer Processing and Resist Effects 

[0024] The focus system should have minimal sensitivity to the current state of 

wafer processing-including patterning, film and resist layers. 

2. Exemplary Focus system 

[0025] FIG. 1 is a functional block diagram of an exemplary focus system 100 

(also referred to as primary focus system 100) that uses closed loop servos to 
attempt to keep a wafer surface 112 of a wafer 1 10 at an actual focal plane of 
projection optics 102 during alignment and exposure operations. Wafer 1 10 is 
supported by a wafer chuck 1 14 on a wafer stage 116. In this exemplary system, 
control sensors 104 and 106 are located on either side of and in very close 
proximity to an exposing area 108 (e.g., an exposure slot, the exposure lens 
closest to the surface being exposed, or any other type of exposing area closest 
to the surface being exposed) of projection optics 110. Control sensors 104 and 
106 (referred to collectively as a primary control sensor), can be, for example, 
capacitance gauges that measure the location of (e.g., distance to) wafer surface 
1 12 of wafer 110. In such an embodiment, a focal plane (also referred to as a 
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focus distance) can be estimated by, for example, averaging measurements made 
by control sensors 1 04 and 1 06. The use of two control sensors (e.g., sensors 1 04 
and 106) supports two dimensional surface closed loops. If four control sensors 
are used, with two located on either side of exposing area 1 08, three dimensional 
surface closed loops can be supported. However, it is noted that the present 
invention can also cover situations where only one control sensor is used. For 
completeness, a wafer chuck 114 and a wafer stage 116, which are both used to 
maneuver wafer 110, are also shown. Wafer chuck 114 and wafer stage 1 16 are 
exemplary parts of a focus adjustor that maneuvers a substrate in relation to 
primary focus system 100. 

[0026] Similar focus systems can be used in non-optical systems. For example, 

instead of projecting on optical beam, exposing area 108 can project an electron 
beam, e.g., in an X-ray lithography system. Alternatively, exposing area 108 can 
project a shadow, e.g., in a lithography system utilizing a contact print. 

[0027] It is apparent from the above description that the estimated focal plane 

may be different from an actual focal plane due to wafer non-flatness. An object 
of the present invention is to minimize such wafer topography errors. More 
specifically, an object of the present invention is to correct wafer surface 
measurements, taken from one or more sensors located at a distance away from 
exposing area 108, to accurately match measurements that a sensor would make 
if it were located at exposing area 108. 

[0028] Because the control sensors are located in very close proximity to the 

exposure area, the architecture shown in FIG. 1 has significant disadvantages 
because it requires the sensors 104 and 106 to be nearly ideal if they are to meet 
the requirements of next generation lithography systems. More specifically, to 
meet the requirements of next generation lithography system, sensors 104 and 
106 must provide sufficiently accurate and precise focus, sufficiently high 
bandwidth, acceptable settle out characteristics, acceptable dynamic and working 
range characteristics, acceptable thermal dissipation, acceptable linear range, and 
sufficient insensitivity to resist effects. Accordingly, the imposed set of 
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constraints for next generation lithography systems can be very difficult to 
achieve. 

[0029] The present invention relieves sensors 1 04 and 1 06 of some of the above 

discussed requirements. This is accomplished by duplicating the primary focus 
system, but in place of exposure lens 108 (i.e., the lens of projection optics 102 
that is closest to surface 1 12 of wafer 1 10) is one or more additional sensors that 
can be used to determine a focus error at the exposure area. This is explained in 
more detail below. 

[0030] The functions performed by the primary control sensor (e.g., sensors 1 04 

and 106) relate to active, on-line focusing control of exposure optics (i.e., lens 
108) located in a lithographic system. Accordingly, the primary control sensor 
is located in close proximity to lens 1 08 of the lithography system. The primary 
control sensor requirements are therefore subject to tight space constraints. 
Limited physical space near the lens of a lithography system is always a 
challenge. In addition to focus sensors, a lithography system may require 
additional hardware, for example, to remove contamination outgasing from the 
resist. The outgasing products are typically removed to prevent contamination 
of the lens environment. Thus, it is important to limit the number of subsystems 
that must be packed into this very sensitive area of the lithography system (i.e., 
near lens 108). 

[0031] There is the potential for any focus sensor to be sensitive to coatings, 

substrate material, pattern, and wafer topology. This is especially true for a 
capacitance gauge sensor. For example, a capacitance gauge sensor is susceptible 
to errors due to their sensitivity to substrate material. More specifically, the 
electrical conductivity and dielectric constant of the underlying substrate affects 
the capacitance gauge sensor' s perception of surface location. This is referred to 
as pattern sensitivity. 

[0032] Another obstacle to overcome is the spacial frequency of wafer topology. 

More specifically, the primary control sensor (e.g., sensor 104 and 106) must be 
able to follow the terrain of the wafer in real time and provide the data required 



1857.0350000 



-11- 



to adjust the position of the wafer to keep it in focus. Thus, the focus system 
control subsystem must have sufficiently high bandwidth for real-time wafer 
surface control. That is, the primary control sensor requires high bandwidth 
because it is used as a feedback control device in a wafer stage servo loop (i.e., 
as a real-time control sensor). 
[0033] Accordingly, the separating of control and calibration functions in 

accordance with the present invention relieves the primary control sensor of the 
requirement for complete process level insensitivity . Additionally, the separating 
of control and calibration functions relieves a calibration subsystem of the present 
invention (discussed below) of tight space constraints. 

4. Calibration Subsystem 

[0034] FIG. 2 is a functional block diagram of an exemplary focus sensor 

calibration subsystem 200 of the present invention (also referred to simply as, 
calibration subsystem 200). Calibration subsystem 200, which includes a 
calibration sensor, is located remotely from, or off-axis with respect to, lens 1 08. 
In other words, calibration subsystem 200 is located remote from lens 108, and 
thus located remote from primary focus system 100. In one embodiment, 
calibration subsystem 200 can be a stand alone system separate from a 
lithography system. Alternatively, calibration subsystem 200 can by part of a 
pre-alignment system of a lithography system. In another embodiment, 
calibration subsystem 200 can be located within the same chamber as, but remote 
from, lens 108. 

[0035] The functions performed by calibration subsystem 200 relate to an 

absolute measurement of the location of (e.g., the distance to) a substrate's (e.g., 
wafer's) top surface. Since these functions are performed remotely from the 
exposing image, the focus sensor calibration subsystem requirements are 
independent of the characteristics of underlying process levels. 
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[0036] Accordingly, the separating of control and calibration functions 

effectively relaxes requirements of calibration subsystem 200 that relate to tight 
space constraints, high bandwidth, and operational environment. For example, 
in an embodiment of the present invention, calibration subsystem 200 can operate 
in an air environment even though the proj ection system (including lens 108) may 
require vacuum operation. 

[0037] Calibration system 200 resembles primary focus system 100, except, in 

place of lens 108, is a calibration sensor 208. For example, control sensors 204 
and 206 (referred to collectively as a secondary control sensor) are located on 
either side of and in very close proximity to calibration sensor 208. 

[0038] More specifically, control sensors 204 and 206 should be arranged about 

calibration sensor 208 in the same manner as control sensors 104 and 106 are 
arranged about lens 108. Additionally, control sensors 204 and 206 are 
preferably the same type of sensors as control sensors 1 04 and 1 06. For example, 
if control sensors 104 and 106 of control subsystem 100 are capacitance gauges, 
then control sensors 204 and 206 of calibration subsystem 200 are preferably also 
capacitance gauges. 

[0039] Thus, generally, the secondary control sensor (e.g., consisting of sensors 

204 and 206) is preferably substantially the same as the primary control sensor 
(e.g., consisting of sensors 104 and 106). For completeness, a wafer chuck 214 
and a wafer stage 216, which are both used to maneuver wafer 110 or other 
similar wafers, are also shown. In one embodiment, wafer chuck 2 14 is the same 
as wafer chuck 1 14, and wafer stage 216 is the same as wafer stage 116. Wafer 
chuck 214 and wafer stage 216 are exemplary parts of a focus adjustor that 
maneuvers a substrate in relation to calibration subsystem 200. 

[0040] Calibration sensor 208, which can include one or more sensors, should 

have excellent focus accuracy and precision. More specifically, since one of the 
objects of the present invention is to improve focus accuracy of a focus system 
(e.g., primary focus system 100), calibration sensor 208 should have a higher 
focus accuracy than the primary control sensor (e.g., sensors 1 04 and 1 06) and the 
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secondary control sensor (e.g., sensors 204 and 206). For example, calibration 
sensor 208 should produce more accurate absolute measurements of the location 
of (e.g., the distance to) a substrate's (e.g., wafer's) top surface than the primary 
and secondary control sensors, to thereby produce more accurate focal distance 
determinations . 

[0041] According to a specific embodiment of the present invention, calibration 

sensor 208 includes one or more air gauges. In another embodiment of the 
present invention, calibration sensor 208 includes one or more optical gauges. 
In still another embodiment of the present invention, calibration sensor 208 
includes one or more proximity probes (e.g., near field optical or atomic force 
probes). 

[0042] Calibration sensor 208 and the primary and secondary control sensors 

should all have excellent repeatability. Since calibration sensor 208 is not being 
used in the immediate proximity of lens 108 (e.g., lens 108), calibration sensor 
208 has relaxed space constraint requirements, relaxed bandwidth requirements, 
and relaxed operational environment requirements as compared to the primary 
control sensor (e.g., sensors 104 and 106), which is used in the immediate 
proximity of lens 108. 

5. Operation of the Present Invention 

[0043] Components useful in practicing the present invention have been 

described above in the discussion of FIGS. 1 and 2. FIGS. 3A and 3B shall now 
be used to explain the operation of the present invention. Where applicable, 
reference is made to the components of FIGS. 1 and 2. 

[0044] FIGS. 3 A and 3B show a flowchart of a method 300, according to an 

embodiment of the present invention, for improving focus accuracy in a 
lithography system that includes a lens (e.g., lens 108) for exposing an image 
onto atop surface (e.g., surface 1 12) of a substrate (e.g., wafer 110) according to 
an exposure pattern. The exposure pattern refers to the order in which images are 



1857.0350000 



-14- 



exposed onto regions of the top surface (e.g., surface 112) of a substrate (e.g., 
wafer 110). 

[0045] Referring to FIG. 3 A, the method begins at a step 302, when a specific 

region on a top surface (e.g., surface 112) of a substrate (e.g., wafer 110) is 
positioned in relation to calibration subsystem 200, based on an exposure pattern. 
For example, the specific region is positioned directly under calibration sensor 
208. 

[0046] Next, at a step 304, a proper focus distance for the specific region is 

determined using calibration sensor 208 of calibration subsystem 200. The 
proper focus distance can be determined by maneuvering wafer 1 10 until a focus 
error is reduced below an acceptable threshold. Alternatively, if calibration 
sensor 208 is operated within a linear operational range, the proper focus distance 
can be obtained without maneuvering wafer 110, as would be apparent to a 
person having ordinary skill in the relevant art. In the latter described 
embodiment, the secondary control sensor (e.g., sensors 204 and 206) should also 
be operated within a linear operational range. A linear operational range includes 
a range that is linearized through calibration. 

[0047] Once the proper focus distance has been determined, a measurement 

relating to the specific region at the proper focus distance is produced, at a step 
306, using the secondary control sensor (e.g., control sensors 204 and 206). The 
measurement relating to the specific region at the proper focus distance is then 
stored, for example, in an exemplary table 400 shown in FIG, 4. 

[0048] Referring to FIG. 4, table 400 includes a region identification column 402, 

an optional calibration sensor value column 404, and one or more control sensor 
columns 406a - 406n. Each row of region identification column 402a - 402n 
identifies a region on the top surface of a substrate (e.g., in X/Y coordinates). A 
pattern will be exposed on these regions, based on an exposure pattern. Each row 
of calibration sensor value column 404 includes a value that calibration sensor 
208 outputs when the corresponding region is at the proper focus distance. If 
calibration sensor 208 includes more than one sensor, then more than one value 
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can be stored in each entry of column 404 (or additional calibration value sensor 
columns can be added). Each row of a control sensor column 406 includes a 
value that a particular control sensor outputs when the corresponding region is at 
the proper focus distance. For example, the values in column 406A relate to 
values that control sensor 204 output, and the values in column 406B relate to 
values that control sensor 206 output. Table 400 preferably includes a control 
sensor column relating to each control sensor (e.g., 204, 206) of the secondary 
control sensor. Use of table 400 will become more clear as the present invention 
is described in more detail. 

[0049] According to one embodiment of the present invention, a specific region 

is moved to its proper focus distance prior to a measurement being produced at 
step 306. The proper focus distance is determined using calibration sensor 208. 
Then, the measurement produced at step 306 is an actual output of the secondary 
control sensor (e.g., control sensors 204 and 206) when the specific region is at 
the proper focus distance. 

[0050] In an alternative embodiment, the specific region need not be moved to 

the proper focus distance prior to the measurement being produced at step 306. 
Rather, in this alternative embodiment, the measurement produced at step 306 
corresponds to an output that the secondary control sensor predictively should 
produce when the specific region is at the proper focus distance. This alternative 
embodiment is possible where outputs of secondary control sensor are predictable 
(e.g., the outputs produce a linear function). For example, assume a focus 
distance for the specific region is determined using calibration sensor 208, and 
it is determined that the specific region is out of focus by 1 Onm. The output of 
the secondary control sensor can accordingly be adjusted, such that the 
measurement produced at step 306 is the output that the secondary control sensor 
(e.g., sensors 204 and 206) would produce if the specific region were at the 
proper focus distance. 

[0051] Returning to FIG. 3 A, at a next step 308, there is a determination whether 

a simulated exposure of the substrate is complete. If not (i.e., if the answer to 
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step 308 is NO), then another specific region on the top surface of the substrate 
is positioned in relation to the calibration to calibration subsystem 200. Steps 304 
and 306 are then performed for the current specific region, and another 
measurement is produced using the secondary control sensor (e.g., sensors 204 
and 206) and stored (e.g., in table 400). Steps 304, 306, 308 and 310 are 
repeated until the entire exposure pattern is simulated (causing the answer to step 
308 to be YES). During this simulation of the exposure pattern, a measurement 
relating to each of the regions to be exposed is produced (at step 306) and stored 
(e.g., in table 400). Steps 302 through 3 10 all occurred at a location remote from 
(e.g., off axis from) lens 108 of primary focus system 100. Thus, during steps 
302 though 310, primary focus system 100 could be exposing other substrates. 
That is, primary focus system 1 00 need not be idle while the steps associated with 
calibration subsystem 200 are being performed. 

[0052] The remaining steps of method 300 (i.e., 312 through 322) occur when 

substrate 1 10 is positioned in relation to primary focus system 100. 

[0053] Referring now to FIG. 3B, at a next step 3 12, a specific region on the top 

surface (e.g., surface 1 12) of the substrate (e.g., wafer 1 10) is positioned under 
lens 1 08, in accordance with the exposure pattern. For example, referring to table 
400, the specific region associated with coordinates X l /Y ] is positioned under 
lens 108. 

[0054] While positioned under the lens, at a step 3 1 4, a measurement relating the 

specific region is produced using the primary control sensor (e.g., sensors 104 
and 106). 

[0055] Then, at a step 316, the actual focus distance between lens 108 and the 

specific region on the surface of the substrate is adjusted, based on the 
measurements made at step 306 and 314 that correspond to that specific region. 
For example, at step 312, the substrate can be adjusted based on the difference 
between a measurement produced at step 306 using the secondary control sensor 
(e.g., sensors 204 and 206) and a corresponding measurement produced at step 
314 using the primary control sensor (e.g., sensors 104 and 106). Assuming the 
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specific region under lens 108 is associated with coordinate X { /Y h a difference 
between the measurement produced at step 306 (corresponding to coordinates 
Xj/Yi) and the measurement produced at step 308 (corresponding to the same 
coordinates X x /Y{) is calculated using the appropriate values stored in table 400 
(e.g., Control A M and Control B M ) and the values presently being output by the 
primary control sensor (e.g., sensors 104 and 106). Similarly, at step 312, the 
substrate can be adjusted until the outputs of the primary controls sensor (e.g., 
sensors 104 and 106) are equal to the corresponding measurement stored in table 
400. 

[0056] Once the specific region is adjusted such that it is at the proper focus 

distance, a portion of an image is exposed on the top surface of the substrate 
using the exposure lens 108, at a step 318. 

[0057] At a next step 320, there is a determination whether the exposure of the 

image onto the entire surface of the substrate is complete. If not (i.e., if the 
answer to step 320 is NO), then another specific region on the top surface of the 
substrate is positioned in relation to the calibration to primary focus system 1 00. 
Steps 314, 316 and 318 are then performed for the current specific region, and 
another portion of the image is exposed on the top surface of the substrate at step 
318. Steps 314, 316, 318, 320 and 322 are repeated until the entire exposure 
pattern .is completed (causing the answer to step 320 to be YES). During this 
actual exposure of in image onto a substrate, a measurement relating to each of 
the regions to be exposed is produced (at step 314), focus distances are adjusted 
(at step 316) and portions of the image are exposed (at step 320). 

[0058] The above described method 300 and system of the present invention can 

be used to achieve the requirements associated with next generation lithography 
systems. As discussed above, this is accomplished by using calibration 
subsystem 100 to relieve primary focus system 100 of some of the requirements. 

[0059] The above described method 3 00 and system of the present invention has 

been described such that the same substrate used for calibration (i.e., in steps 302 
- 310) is the same substrate upon which an image is exposed (i.e., in steps 312 - 
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320). Accordingly, in one embodiment of the present invention, steps 302 - 3 10 
and steps 312 - 320 are performed for each substrate (e.g., wafer). However, in 
an alternative embodiment of the present invention, steps 3 02 - 3 1 0 are performed 
using only one substrate (or a few substrates) for calibration, and an image is then 
exposed on other substrates (i.e., in steps 3 1 2 - 320) using the calibration that was 
based on the one substrate (or the few substrates). Such other substrates can be 
different wafers. Such other substrates can be other fields on the same wafer. For 
example, if a wafer includes fifty fields that should include the same features, 
steps 302 - 3 10 are performed using one or two of the fields (if performed for a 
plurality of fields, an average calibration is determined). Then, the calibration 
performed using the one or two fields (i.e., in steps 302 - 310) are used when 
exposing images on each of the fifty fields. This alternative embodiment is more 
time efficient, because calibration may take as much or more time than exposure. 
However, this alternative embodiment is probably not as accurate or precise as 
the embodiment where calibration and exposure are preformed for each substrate. 
[0060] Although the present invention has been primarily described in reference 

to an optical lithography system, it is equally applicable to other types of systems. 
For example, as mentioned above, instead of projecting an optical beam, 
exposing area 108 can project an electron beam, as in an X-ray lithography 
system. Alternatively, exposing area 108 can project a shadow, e.g., in a 
lithography system utilizing a contact print. 

6. Control System Implementation 

[0061] As discussed above, features of the present invention can be performed 

using the elements described in connection to the figures. It is further noted that 
specific features of the present invention can be controlled by a computer system. 
Such a computer system can includes, for example, one or more processors that 
are connected to a communication bus. The computer system can also include 
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a memory, preferably a random access memory (RAM), and can also include a 
secondary memory. Table 400 can be stored in one of the memory devices. 

[0062] The secondary memory can include, for example, a hard disk drive and/or 

a removable storage drive, representing a floppy disk drive, a magnetic tape 
drive, an optical disk drive, and the like. The removable storage drive reads from 
and/or writes to a removable storage unit in a well known manner. The 
removable storage unit, represents a floppy disk, magnetic tape, optical disk, and 
the like, which is read by and written to by the removable storage drive. The 
removable storage unit includes a computer usable storage medium having stored 
therein computer software and/or data. The secondary memory can include other 
similar means for allowing computer programs or other instructions to be loaded 
into the computer system. Such means can include, for example, a removable 
storage unit and an interface. Examples of such can include a program cartridge 
and cartridge interface (such as that found in video game devices), a removable 
memory chip (such as an EPROM, or PROM) and associated socket, and other 
removable storage units and interfaces which allow software and data to be 
transferred from the removable storage unit to the computer system. The 
' computer system can also include a communications interface. The 
communications interface allows software and data to be transferred between the 
computer system and external devices. 

[0063] In another embodiment, features of the invention are implemented 

primarily in hardware using, for example, hardware components such as 
application specific integrated circuits (ASICs). Implementation of the hardware 
state machine so as to perform the functions described herein will be apparent to 
persons skilled in the relevant art(s). In yet another embodiment, features of the 
invention can be implemented using a combination of both hardware and 
software. 
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7. Conclusion 

[0064] While various embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example, 
and not limitation. It will be apparent to persons skilled in the relevant art that 
various changes in form and detail can be made therein without departing from 
the spirit and scope of the invention. 

[0065] The present invention has been described above with the aid of functional 

building blocks illustrating the performance of specified functions and 
relationships thereof. The boundaries of these functional building blocks have 
been arbitrarily defined herein for the convenience of the description. Alternate 
boundaries can be defined so long as the specified functions and relationships 
thereof are appropriately performed. Any such alternate boundaries are thus 
within the scope and spirit of the claimed invention. One skilled in the art will 
recognize that certain functional building blocks can be implemented by discrete 
components, application specific components, processors executing appropriate 
software and the like or any combination thereof Thus, the breadth and scope of 
the present invention should not be limited by any of the above-described 
exemplary embodiments, but should be defined only in accordance with the 
following claims and their equivalents. 
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